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TENSILE STRESS AND MATRIX BIOSYNTHESIS BY ARTERIAL; SMOOTH MUSCLE CELLS 
Seymour Glagov, M.D. , Dept, of Pathology, Univ. of Chicago, Chicago, Chicago, IL. 

Close association of elastin, collagen, and smooth muscle in the aortic 
media results in viscoelastic properties that account for many of its static and 
dynamic mechanical features. These structural components are arranged in 
transmural layers of fairly uniform composition. The number of layers which 
comprise the adult mammalian aortic media is proportional to the radius 
regardless of species and the average tension per layer is remarkably constant, 
ranging from 1,090 to 3,010 dynes/cm 1 . These medial lamellar units actually 
correspond to composites of overlapping, musculo-elastic fascicles (MEF), each 
consisting of a group of commonly oriented smooth muscle cells and an 
encompassing array of similarly oriented, branching, elastin fibers 2 . Wavy 
collagen fiber bundles are interposed between successive elastin systems of the 
transmural MEF. The orientation and size of MEF correspond to the distribution 
and magnitude of tensile stresses. Changes in post-natal morphology and chemical 
composition of rabbit ascending aorta and pulmonary trunk also indicate that 
medial cells adapt their scleroprotein synthetic responses to differences in 
medial tension throughout early growth and that a fixed matrix component ratio 
is established within 2 weeks 3 . 

The hypothesis that mechanical stress modulates the biosynthetic activity 
of artery media cells was explored with a system consisting of aortic smooth 
muscle cells cultured on elastin membranes and subjected to cyclic elongation and 
relaxation or to agitation without stretching 4 . Cyclic stretching resulted in 
a two to four-fold increase in synthetic rates of collagen (types I and. Ill), 
hyaluronate and chondroitin 6-sulfate over those in agitated or stationary 
preparations, but did not affect rates of chondroitin 4-sulfate, dermatan sulfate 
or DNA synthesis,. Cells were predominantly of the biosynthetic phenotype 5 . 
Raising intracellular cyclic AMP (cAMP) levels by adding theophylline or 
dibutyryl cAMP to the culture medium prevented the synthetic response to cyclic 
stretching, but did not alter collagen synthesis by stationary controls 6 . 
Synthesis and degradation of collagen by cyclically stretched cells increased in 
parallel, such that the proportion of synthesized collagen that.was degraded was 
similar to that found in stationary cultures. Administration of theophylline did 
not affect collagen degradation by stationary cultures but increased degradation 
by cyclically stretched cells. The findings indicate that cAMP may play a role 
in matrix synthesis by artery wall cells in response to changes In tensile 
stress. In view of the range of changes noted in arterial smooth muscle cells 
in the course of atherogenesis, we subjected rabbit aortic smooth muscle cells 
to cyclic stretching in the presence of serum-free medium. (SFM), normolipemic 
serum (NLS) or hyperlipemic serum' (HLS) 7 . Cyclic stretching in SFM doubled 
synthesis for collagen compared to stationary controls, but had no effect on 
synthesis in NLS . In HLS , however, cyclic stretching elevated synthesis to the 
same level as was found in NLS. The interactive effects of mechanical 
stimulation and hyperlipemia could help to account for individual differences in 
wall and plaque composition during atherogenesis. The ; molecular basis of the 
adaptive responses of the artery wall to mechanical stresses is under 
investigation. 
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